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DESCRIPTION 

FILM-LIKE ARTICLE AND METHOD FOR MANUFACTURING THE SAME 
TECHNICAL FIELD 

5 The present invention relates to a film-like article including a thin film integrated 

circuit for saving the trouble of inputting information or for avoiding input errors. Further, 
the invention relates to a method for manufacturing the film-like article. 

BACKGROUND ART 

10 In recent years, the chances of seeing products equipped with chips formed from 

silicon wafers are increased. Using the chips formed from silicon wafers, a variety of 
information can be stored and provided for consumers. 

Further, the chips formed from silicon wafers do not require manual input of 
information; therefore, it is expected to save the trouble of input and avoid input errors. 

15 For example, a business card including a contactless IC tag providing a memory function 
for storing information in the business card is proposed. With the business card, in the case 
where the information is required to be transmitted, the telephone number of the party is 
not misread and the information is correctly transmitted without misdialing, using simple 
system configurations (Reference 1: Japanese Patent Laid-Open No. 2002-183693). 
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DISCLOSURE OF INVENTION 

However, in the Reference 1, since the chip formed from a silicon wafer is thick, 

the chip is protruded from the surface or the chip is so large that it can be seen through the 

eyes, which affects the design of a business card. 
5 Hence, it is an object of the present invention to provide a new integrated circuit 

which has a structure by which the design is not affected and a film-like article including 

the integrated circuit unlike a chip formed form a silicon wafer, for example, a business 

card, a card, or a publication. 

In view of the above problems, it is a feature of the invention to equip a film-like 
10 article such as a business card, a card, or a publication with a thin film integrated circuit 

(hereinafter also referred to as an IDF chip). It is another feature of the invention that the 

IDF chip has a semiconductor film of 0.2 [xm or less, generally, 40 nm to 170 nm, and 

preferably 50 nm to 150 nm as an active region. Therefore, the IDF chip can be made 

thinner as compared with a chip formed from a silicon wafer. 
15 The IDF chip according to the invention is extremely thin, so that it can be 

interposed between members of a film-like article and incorporated inside the article. As a 

result, the design of the film-like article is not affected. 

The film-like article includes thin articles such as a business card, a card, and a 

publication. As a material of the film-like article, an organic material such as acrylic resin 
20 such as polypropylene, polyethylene, polystyrene, polycarbonate, polyethylene 
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terephthalate (PET), polyethylene naphthalate (PEN), polyethersulfone (PES), 
polymethacrylate, ABS; a chemical pulp such as kraft pulp; a mechanical pulp; a pulp 
obtained from a non-wood material such as hemp or kenaf; or a paper material such as 
waste paper pulp or synthetic pulp is used. 
5 It is a feature of the invention that the IDF chip transmits light, unlike a chip 

formed form a silicon wafer. Therefore, the IDF chip may be pasted on a surface of the 
film-like article, or may be provided in a depression of the article or the like. Although the 
IDF chip is mounted on the surface or the like of an article, the design of the article is not 
affected since the IDF chip is thin and transmits light. 

10 More preferably, a semiconductor film included in the IDF chip is formed so as to 

be interposed between an insulating film such as a silicon film containing nitrogen and a 
resin. Since a film-like article such as a business card is often touched by hands, it is feared 
that an alkali metal such as Na enters the semiconductor film. Hence, it is expected that the 
entering of an alkali metal such as Na is avoided by covering the article with an insulating 

15 film and/or a resin. 

A specific structure of the invention will be shown below. 

A film-like article according to the invention includes a thin film integrated circuit, 
and the thin film integrated circuit is mounted inside the film-like article. 

A film-like article according to the invention includes a thin film integrated circuit 
20 which can store information described on the film-like article, and the thin film integrated 
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circuit is mounted inside the film-like article. 

A film-like article according to the invention includes a thin film integrated circuit 
which can store information described on the film-like article and an antenna connected to 
the thin film integrated circuit. The thin film integrated circuit and the antenna are 
5 mounted inside the film-like article. 

A film-like article according to the invention includes a thin film integrated circuit 
which can store information described on the film-like article and an antenna connected to 
the thin film integrated circuit. The thin film integrated circuit is mounted inside the 
film-like article, and the antenna is mounted on a surface of the film-like article. 
10 As to a film-like article according to the invention, when the thickness of the 

film-like article is D, the position to dispose the thin film integrated circuit X may be set so 
as to satisfy (1/2) D - 30 \im < X < (1/2>D + 30 pun. 

A film-like article including according to the invention includes a thin film 
integrated circuit which can store information described on the film-like article and an 
15 antenna connected to the thin film integrated circuit. The thin film integrated circuit and 
the antenna are mounted on a surface of the film-like article. 

A film-like article according to the invention includes a thin film integrated circuit 
which can store information described on the film-like article and an antenna connected to 
the thin film integrated circuit. The thin film integrated circuit is mounted on a surface of 
20 the film-like article, and the antenna is mounted inside the film-like article. 
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A film-like article according to the invention includes a thin film integrated circuit 
which can store information described on the film-like article. The film-like article is 
provided with a depression, and the thin film integrated circuit includes an antenna. 

The information described on a film-like article is the information marked on the 
5 film-like article, for example, characters, marks, and symbolswhich are printed. The 
printed characters, marks, and symbols may have color. Alternatively, the information 
may be the information acquired by senses, such as sound, touch, shape of unevenness or 
the like. 

As to a film-like article according to the invention, an opening with slits is 
10 provided in a connection area between the thin film integrated circuit and the antenna. 

As to a film-like article according to the invention, the thin film integrated circuit 
and the antenna are connected by an anisotropic conductor, an ultrasonic bond, or a UV 
curable resin. 

As to a film-like article according to the invention, the thin film integrated circuit 
15 has light-transmitting characteristic. 

As to a film-like article according to the invention, the thin film integrated circuit 
has an insulating film containing nitrogen. 

As to a film-like article according to the invention, the thickness of the thin film 
integrated circuit is in a range of 0.1 (mm to 3 fim. 
20 As to a film-like article according to the invention, the area of the thin film 
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integrated circuit is 25 mm 2 or less. 

As to a film-like article according to the invention, the thin film integrated circuit 
has a semiconductor film containing hydrogen of 1 x 10 19 atoms/cm 3 to 5 x 10 20 
atoms/cm 3 . 

5 As to a film-like article according to the invention, the thickness of the 

semiconductor film is 0.2 jxm or less. 

As to a film-like article according to the invention, the semiconductor film 
includes a source, a drain, and a channel region; and source, the drain, and the channel 
region are provided perpendicular to direction of bending the film-like article. 

10 As to a film-like article according to the invention, a plurality of thin film 

integrated circuits are mounted. 

As to a film-like article according to the invention, a plurality of thin film 
integrated circuits are mounted, and the plurality of thin film integrated circuits are 
integrated with antennas. 

15 In a method for manufacturing a film-like article according to the invention, a 

plurality of thin film integrated circuits are formed over a first substrate; the plurality of 
thin film integrated circuits are transferred to a second substrate; the second substrate is cut 
so as to cut out each of the plurality of thin film integrated circuits; an antenna is connected 
to a connection terminal of the thin film integrated circuits; and the thin film integrated 

20 circuits and the antenna are enfolded in a base member of the film-like article. More 
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preferably, the thin film integrated circuits may be enfolded in the base member of the 
film-like article without the second substrate. 

In a method for manufacturing a film-like article according to the invention, a 
plurality of thin film integrated circuits are formed over a first substrate; the plurality of 
5 thin film integrated circuits are transferred to a second substrate; the second substrate is cut 
so as to cut out each of the plurality of thin film integrated circuits; an antenna is connected 
to a connection terminal of the thin film integrated circuits; and the thin film integrated 
circuits and the antenna are mounted on a surface of a base member of the film-like article. 
More preferably, the thin film integrated circuits may be mounted on the surface of the 

10 base member of the film-like article without the second substrate. 

In a method for manufacturing a film-like article according to the invention, a 
plurality of thin film integrated circuits are formed over a first substrate; the plurality of 
thin film integrated circuits are transferred to a second substrate; the second substrate is cut 
so as to cut out each of the plurality of thin film integrated circuits; an antenna is connected 

15 to a connection terminal of the thin film integrated circuits; and the thin film integrated 
circuits and the antenna are mounted in a depression on a surface of a base member of the 
film-like article. More preferably, the thin film integrated circuits may be mounted in the 
depression on the base member of the film-like article without the second substrate. 

In a method for manufacturing a film-like article according to the invention, a 

20 plurality of thin film integrated circuits are formed over a first substrate; the plurality of 
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thin film integrated circuits are transferred to a second substrate; the second substrate is cut 
so as to cut out each of the plurality of thin film integrated circuits; the thin film integrated 
circuits are enfolded in a base member of the film-like article, and an antenna is formed on 
a surface of the base member of the film-like article so that the thin film integrated circuit 
5 and the antenna are connected through an opening formed on the base member of the 
film-like article. More preferably, the thin film integrated circuits may be enfolded in the 
base member of the film-like article without the second substrate. 

In a method for manufacturing a film-like article according to the invention, an 
antenna is formed on a surface of a base member of the film-like article so that thin film 

10 integrated circuits and the antenna are connected through an opening formed on the base 
member of the film-like article. The plurality of thin film integrated circuits are formed 
over a first substrate, and transferred to a second substrate. The second substrate is cut so 
as to cut out the plurality of thin film integrated circuits. 

In a method for manufacturing a film-like article according to the invention, the 

15 antenna and the thin film integrated circuit are connected by an anisotropic conductor, an 
ultrasonic bond, or a UV curable resin. 

In a method for manufacturing a film-like article according to the invention, the 
second substrate contains polyethylene terephthalate, polyethylene naphthalate, 
polyetersulfone, or acrylic. 

20 In a method for manufacturing a film-like article, according to the invention, the 
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antenna is formed by one selected from the group consisting of a droplet discharge method, 
sputtering, printing, plating, photolithography, and vapor deposition using a metal mask; 
or a combination thereof. 

Since an IDF chip according to the invention is thin and transmits light, the design 
5 of the article is not affected even when the IDF chip is mounted on a film-like article, for 
example, a business card or a card. In addition, the IDF chip according to the invention is 
lightweight and flexible, so that the endurance of the IDF chip can be enhanced. Thus, the 
IDF chip can be mounted on a business card or a card without affecting the design. 

Further, security can be enhanced with the use of such an IDF chip. Naturally, 
10 information management becomes convenient by equipping a business card or a card with 
the IDF chip. Still further, errors caused by manual input are eliminated and information 
can be exchanged in a short time. Thus, the convenience of a business card, a card, or the 
like can be enhanced with the use of the IDF chip. 

15 BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A to ID show manufacturing steps of a business card equipped with an 
IDF chip. 

FIGS. 2A and 2B show manufacturing steps of a business card equipped with an 
IDF chip. 

20 FIG. 3 shows a cross-sectional view of a business card equipped with an IDF chip. 
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FIGS. 4 A and 4B each show a business card equipped with an IDF chip. 
FIGS. 5 A and 5B each show a business card equipped with an IDF chip. 
FIGS. 6 A to 6C each show a business card equipped with an IDF chip. 
FIGS. 7A to 7C each show a business card equipped with an IDF chip. 
5 FIGS: 8 A to 8C show manufacturing steps of an IDF chip. 

FIGS. 9A to 9C show manufacturing steps of an antenna. 
FIGS. 10A and 10B each show a business card equipped with an IDF chip. 
FIGS. 11A to 11C each show the state where a business card equipped with an 
IDF chip is bent. 

10 FIGS. 12A and 12B each show a usage mode of a business card equipped with an 

IDF chip. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, embodiment modes of the present invention will be described 

15 referring to the drawings. It is easily understood by those skilled in the art that the 
invention is not limited by the following descriptions, and various changes may be made in 
forms and details without departing from the spirit and the scope of the invention. 
Therefore, the invention should not be limited by the descriptions of the embodiment 
modes below. In all drawings for explaining the embodiment modes, the same reference 

20 numerals are commonly given to the same parts or to the parts having similar functions, 
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and the descriptions thereof will not be repeated. 

Most of embodiment modes below will be each explained using a business card as 
a film-like article; however, the invention is not limited thereto. 

5 Embodiment Mode 1 

In this embodiment mode, the structure of a business card equipped with an IDF 
chip and a method for mounting the IDF chip to the business card will be described. 
Further, in this embodiment mode, the case of mounting a contactless IDF chip on a 
business card will be described. A contactless IDF chip is also referred to as a radio chip. 

10 As shown in FIG 1A, an antenna substrate 102 provided with an IDF chip 100 

and an antenna 101 is prepared. The IDF chip is formed on a glass substrate and 
transferred to the antenna substrate 102 after a subsequent peel-off process. Alternatively, 
after the peel-off process, the IDF chip may be transferred to a flexible substrate and 
mounted thereafter on the antenna substrate 102. The details on the steps for forming the 

15 antenna and the peel-off process will be described later. 

In this embodiment mode, the antennas are formed separately from the IDF chip; 
however, the antennas may be formed integrally with the IDF chip. In the case where 
distance of transmission is as short as several tens of cm, the antennas can be formed 
integrally with the IDF chip. The case of the integral formation will be described later. 

20 The IDF chip has a semiconductor film with a thickness of 0.2 \im or less as an 
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active region; therefore, the IDF chip can be made thinner as compared with a chip formed 
from a silicon wafer. The total thickness including the thickness of the semiconductor film 
can be 5 [im or less, preferably, 0.1 \im to 0.3 |xm. Further, since the BDF chip can be 
transferred to a product itself, or transferred to a flexible substrate, it can be made lighter as 
5 compared with a chip formed form a silicon wafer. The design of a film-like article such as 
a business card is not spoiled with the use of such an IDF chip. 

Further, the semiconductor film included in the IDF chip preferably contains 

1 0 "X Oft "X 

hydrogen of 1 x 10 atoms/cm to 5 x 10 atoms /cm unlike a chip formed from a silicon 

wafer. The hydrogen will have an effect of alleviating a defect, in other words, terminating 
10 a dangling bond. In addition, the flexibility of the IDF chip can be improved by hydrogen. 

As a result, the IDF chip can be prevented from breaking even in the case of being mounted 

on a flexible film-like article such as a business card. Alternatively, halogen may be added 

instead of hydrogen. 

FIG. IB shows a cross-sectional view taken along line a-b of the antenna substrate 
15 102. The IDF chip 100 is provided on one surface 102a of the antenna substrate, and the 

antennas 101a, 101b are provided on the one surface 102a of the antenna substrate 102 and 

on the other surface 102b thereof. 

FIG. 1C and ID each show an enlarged view of a crossing area of antennas and a 

connection area of the antenna and the IDF chip. 
20 The left figure of FIG. 1C shows an area where antennas provided on both 
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surfaces of the antenna substrate 102 are crossed. An insulator is required to be interposed 
between the crossed antennas to avoid short circuit. In this embodiment mode, the 
insulating characteristic of the antenna substrate 102 is used. The antennas are provided on 
the both surfaces of the antenna substrate 102, and are connected together through an 
5 opening of the antenna substrate. For example, the opening may be provided by slitting the 
antenna substrate 102. (Such an opening is hereinafter referred as an opening with slits). 
In this case, the material of an antenna 101b provided on the other surface 102b is pushed 
out, so that the antenna 101b is connected to an antenna 101a provided on the one surface 
102a. By providing the opening with slits, unnecessary antenna material is not pushed out, 

10 unnecessary pressure is not applied, and the antenna 101a can be prevented from peeling 
off. Note that the opening is not limited to the structure with slits. 

The right figure of FIG 1C shows an area where the antenna 101b is connected 
with the IDF chip 100 with the antenna substrate 102 therebetween. As with the crossing 
area of the antennas, the material of the antenna 101b is pushed out from the opening 

15 provided in the antenna substrate antenna substrate 102, so that the antenna 101b is 
connected to a connection wiring of the IDF chip. The opening may be provided with slits 
similarly to the crossing area of the antennas. On this occasion, a conductor bump 106 
may be provided as a portion to be a connection terminal (hereinafter referred to as a 
connection terminal) in order to make connection more easily. 

20 FIG ID shows an example of connection using a different means from FIG 1C. 
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The left figure of FIG ID shows an area where antennas provided on both 
surfaces of the antenna substrate 102 are crossed, and an opening with slits is provided as 
in the left figure of FIG 1C. However, the structure in which an anisotropic conductor 
including a conductor 107 is used as the means for connecting the antenna 101a to the 
5 antenna 101b is different. 

The right figure of FIG ID shows an area where the IDF chip and the antenna are 
connected, and an opening is provided as in the right figure of FIG 1C. However, the 
structure in which an anisotropic conductor including a conductor 107 as the means for 
connecting the antenna and the IDF chip is different. 

10 The anisotropic conductor may be provided selectively over the connection area, 

or may be provided over the entirely over the antenna substrate 102. Even in the case of 
providing the anisotropic conductor entirely, the conductor 107 is pressed at the 
connection area; thus, the antennas, or the antenna and the IDF chip are connected. 
Consequently, short circuit between antennas which are not required to be connected are 

15 not connected. 

In this embodiment mode, the case of forming antennas on both surfaces of the 
antenna substrate is described. Alternatively, an insulating film may be formed over an 
antenna provided on one surface, an antenna may be provided on the insulating film, and 
connection between the antennas may be made through a contact hole. 
20 Such an antenna substrate is enfolded in a base member 105 of a business card; 
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thus, the business card is equipped with the IDF chip. 

Subsequently, as shown in FIG 2A, predetermined description is printed on a 
surface of a business card 120. Thus, a business card equipped with an IDF chip is 
completed. 

5 FIG 2B shows a cross-sectional view taken along line c-d of the business card 

120. 

By thus enfolding an IDF chip, bond areas, specifically, ends to be bonded can be 
reduced to three sides. Further, the strength of the business card, that is, durability thereof 
can be improved. 

10 In this embodiment mode, an example of implementing the IDF chip by enfolding 

it is explained; however, the IDF chip may be sandwiched between two sheet-like 
substrates to implement. In this case, ends of 4 sides are required to be bonded. 

The bond areas may not be limited to the ends but the bond area may be increased 
by providing an opening in the antenna substrate 102. 

15 As shown in FIG. 3, an IDF chip 100 integrated with the antennas 101 may be 

implemented. The IDF chip is formed so that the periphery thereof is covered with the 
base member 105 of the business card, and the IDF chip may be provided in the middle of 
the business card. Consequently, the mechanical strength of the IDF chip can be enhanced. 
Specifically, when the thickness of the business card is D, the position to interpose the IDF 

20 chip (the center of the IDF chip): X may be preferably set as (1/2) D - 30 \im < X < 
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(l/2) D+30 \im. The positional condition is preferably satisfied even in the case where the 
antennas are formed separately. 

As in the embodiment mode above, the durability of an IDF chip and a business 
card can be improved by covering the EDF chip with a base member of the IDF chip, in 
5 other words, by installing the IDF chip inside the business card. 

The information inputted in an IDF chip can include information about prints on a 
business card, information about a company such as a homepage address, or an 
advertisement of the company. In particular, in the case of dealing with information such 
as a telephone number or an E-mail address; the mail address of a person who receives the 
10 business card may be automatically inputted to, for example, an E-mail soft when the 
person accesses. As a result, an input error due to manual operation can be avoided. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact IDF chip or a hybrid EDF chip may be implemented instead. 

15 Embodiment Mode 2 

As disclosed in the above Reference 1, since a chip formed from a silicon wafer is 
not transparent, the chip has been mounted on the back surface of a business card, that is, a 
surface without print. In contrast, an IDF chip according to the invention transmits light; 
thus, the IDF chip may be mounted on the surface, that is, a surface with prints. 

20 Correspondingly, in this embodiment mode, the case of attaching the IDF chip onto the 
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surface of the business card unlike in the above embodiment mode will be described. 

FIG. 4A shows a business card equipped with an DDF chip 100 and an antenna 101 
on its surface. FIG. 4B shows a cross-sectional view taken along line e-f. The structures 
and the manufacturing steps of the IDF chip and the antenna will be described later. 
5 The IDF chip transmits light; meanwhile, the antenna is generally formed of 

metal, which does not transmit light. Therefore, the antenna may be formed at ends of the 
business card, that is, the periphery of the business card. If the antenna can be formed of a 
light transmitting metal material such as ITO (indium tin oxide), IZO (indium zinc oxide) 
in which 2 % to 20% zinc oxide (ZnO) is mixed into indium oxide, or ITO-SiO x (referred 

10 to as ITSO for convenience) in which 2 % to 20 % silicon oxide (SiC>2) is mixed into 
indium oxide, the antenna does not interfere with prints. 

Alternatively, the appearance of the business card may be improved using the 
non-light transmitting characteristic of the antenna to advantage. In other words, the 
antenna may be formed so as to decorate the business card. 

15 After thus implementing an IDF chip, the whole business card is laminated with a 

resin 121, thereby improving the durability of the IDF chip and the business card. Further, 
in the case where impurities are feared to enter the IDF chip, a resin or the like may be 
formed so as to cover at least the IDF chip. 

Naturally, the IDF chip or the antenna may be mounted on the back surface, that is, 

20 the surface without prints. 
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In this embodiment mode, the case of implementing a contactless IDF chip is 
described; however, a contact IDF chip, or a hybrid IDF chip may be implemented instead. 

Embodiment Mode 3 

5 In this embodiment mode, unlike in the above embodiment mode, a mode of a 

business card in which an IDF chip is equipped in a depression. 

FIG 5A shows a business card 120 including an IDF chip 100 integrated with an 
antenna in a depression 122. The IDF chip integrated with the antenna can be also formed 
to 5 mm square (25 mm 2 ) or less, preferably, 0.3 mm square (0.09 mm 2 ) to 4 mm square 
10 (16 mm 2 ), so that the IDF chip can be mounted on the depression provided as decoration on 
the business card, Further, FIG 5B shows a cross-sectional view taken along line g-h. The 
structures and the manufacturing steps of the IDF chip and the antenna will be described 
later. 

The IDF chip 100 integrated with the antenna have a structure in which an 
15 antenna 101 formed on an antenna substrate 102 and the IDF chip 100 are connected with 
a conductor 107 of an anisotropic conductor 123. A resin 125 and the like are provided to 
cover at least the IDF chip. With the use of the resin, the durability of the IDF chip can be 
improved, breakage in the case of implementation can be avoided, or portability can be 
improved. 

20 In the case of thus forming a depression, an IDF chip integrated with an antenna is 
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preferable; however, an antenna may be formed separately as in the above embodiment 
mode. 

After thus implementing the IDF chip, the IDF chip may be covered with the resin 
121 to improve the planarity of the depression. The durability of the IDF chip can be 
5 improved, and the entry of impurities can be prevented with the use of the resin. Further, 
the whole business card may be laminated to improve the durability. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact IDf* chip or a hybrid IDF chip may be implemented instead. 

10 Embodiment Mode 4 

In this embodiment mode., a mode of a business card unlike in the above 
embodiment mode will be described. 

As shown in FIG. 6A, an DDF chip 100 is implemented so as to be interposed 
between one base member 105a and the other base member 105b. The structure and the 
15 manufacturing steps of the IDF chip will be described later. 

Subsequently, as shown in FIG. 6B, the one base member 105a and the other base 
member 105b are bonded. Here, an opening is provided in the one base member , and a 
conductor bump 106 of the IDF chip and an antenna 101 formed on the surface of the 
business card can be connected through the opening. Since the antenna generally does not 
20 transmit light, the antenna may preferably be formed at ends of the business card, that is, 
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the periphery of the business card. The structure and the manufacturing steps of the 
antenna will be described later. 

FIG 6C shows a top view of the business card, and FIGS. 6Aand 6B each show a 
cross-sectional view taken along line m-n. 
5 When an DDF chip and an antenna are formed separately, for example, inside the 

business card and on the surface thereof, limitations on the mounting position or the size of 
the IDF chip and the antenna can be eliminated. For example, in the case of implementing 
an IDF chip including a CPU (central processing unit), the size of the IDF chip would be 
large. Further, the number of turns is required to be increased. Note that the number of 
10 turns is also limited by the transmission distance. In this case, it is feared that the antenna 
and the IDF chip are difficult to be fittingly mounted on the business card. However, by 
separating the mounting positions of the antenna and the IDF chip as in this embodiment 
mode, implementation of an antenna and an IDF chip can be achieved. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact DDF chip or a hybrid IDF chip may be implemented instead. 

Embodiment Mode 5 

In this embodiment mode, a mode of a business card unlike in the above 
embodiment mode will be described. 

An IDF chip transmits light since it can be formed on a light-transmitting 
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substrate unlike a chip formed from a silicon wafer. Therefore, the IDF chip does not 
interfere with the prints of the business card even though the IDF chip is formed on the 
prints as described above. However, the antenna is formed of metal; accordingly, it has 
been difficult to transmit light. The problem of resistance or the like also remains in 
5 addition to that light-transmitting materials should be further studied. Therefore, in this 
embodiment mode, a mode where an antenna is implemented in a business card and an IDF 
chip is mounted on a surface of the business card is proposed. 

As shown in FIG 7A, an antenna 101 is formed on the other base member 105b 
as in the above embodiment mode. The structure and the manufacturing steps of the 

10 antenna will be described later. As shown in FIG 7B, the antenna is interposed between 
the one base member 105a and the other base member 105b. Here^ an opening is provided 
in the one base member 105a over the terminal area for connecting the antenna to the IDF 
chip, and the antenna can be connected to a conductor bump 106 of the IDF chip 100. The 
structure and the manufacturing steps of the IDF chip will be described later. 

15 FIG. 7C shows a top view of a business card 120, and FIGS 7A and 7B each show 

a cross-sectional view taken along line o-p. 

When only a light-transmitting IDF chip is formed on the surface of the business 
card, limitations on the mounting position or the size of the IDF chip can be eliminated. 
Since the antenna and the IDF chip are formed in different positions, limitations on the 

20 mounting position or the size of the IDF chip and the antenna can be eliminated as in the 
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above embodiment mode. In particular, when the light-transmitting IDF chip is mounted 
on the surface of the business card, the prints are not affected, which is preferable. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact IDF chip or a hybrid IDF chip may be implemented instead. 

5 

Embodiment Mode 6 

In this embodiment mode, a mode of a business card where a pluralityof IDF 
chips are implemented will be described unlike in the above embodiment mode. 

As shown in FIG 10A, six IDF chips of 100 (A), 100 (B), 100 (C), 100 (D), 100 
10 (E), and 100 (F) are mounted on a business card 120. Among the plurality of IDF chips, 
only the IDF chip 100 (A) is connected with an antenna 101, and the other IDF chips can be 
integrated with the antenna. The structures and the manufacturing steps of the IDF chip 
and the antenna will be described later. 

When a plurality of IDF chips are implemented, the amount of information 
15 inputted into a business card can be increased. Further, unauthorized use of the business 
card can be avoided; thus, the security can be improved. 

For example, interrelation (for example, position or the like) between the 
respective IDF chips is used to prevent forgery of the IDF chip, so as to improve the 
security. Alternatively, the forgery can be prevented by randomly arranging the IDF chips. 
20 Further, unless the non-rewritable fixed data of the respective IDF chip accord 
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each other, the information is not disclosed. A semiconductor film or an insulating film 
may be engraved with serial numbers, or provided with a mask ROM; thus, the fixed data 
are made non-rewritable. 

As shown in FIG 10B, all the IDF chips may be formed integrally with antennas. 
5 Thus, a mode of implementing a plurality of IDF chips is described; however, the 

amount of information may be increased or the security may be improved with the use of 
an information storage means such as a bar code and a magnetic tape. 

Embodiment Mode 7 

10 In this embodiment mode, the case of forming a plurality of IDF chips from a 

large substrate will be described referring to FIGS. 8 A to 8G The right figures each show 
a cross-sectional view taken along line k-L 

As shown in FIG 8A, a film containing metal (hereinafter referred to as a metal 
layer) 201 is formed over a substrate 200 having an insulating surface. As the metal, an 

15 element selected from W, Ti, Ta, Mo, Nd, Ni, Co, Zr, Zn, Ru, Rh, Pd, Os, and Ir; an alloy 
material or a compound material containing the element as a main component may be used 
to form a single layer or a laminate thereof. The metal layer may be formed by, for 
example, sputtering using a metal target. The metal layer may be formed to 10 nm to 200 
nm, preferably, 50 nm to 75 nm. 

20 Instead of the metal layer, a film containing a nitride of the above metal (for 
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example, tungsten nitride or molybdenum nitride) may be used. Further, instead of the 
metal layer, a film containing an alloy of the above metal (for example, an alloy of W and 
Mo: MxMox-x) may be used. The metal alloy may be formed by sputtering using a plurality 
of targets such as a first metal (W) and a second metal (Mo) or using a target of an alloy of 
5 the first metal (W) and the second metal (Mo) in a film formation chamber. Still further, 
nitrogen or oxygen may be added to the metal layer. As a method to add, for example, 
nitrogen or oxygen may be added to the metal layer by ion implantation. Alternatively, the 
metal layer may be formed in the atmosphere of nitrogen or oxygen in the film formation 
chamber by sputtering. At this time, a metal nitride may be used as a target. 

10 With the use of such a metal layer, a peel-off process can be controlled. That is, in 

the case of using a metal alloy, the peel-off process can be controlled by controlling the 
composition ratio of each metal in the alloy. Specifically, whether the heating treatment is 
required or not as well as the heating temperature for peeling off can be controlled. 
Accordingly, the process margin can be increased. 

15 Thereafter, a peel-off layer is formed over the metal layer 201. The peel-off layer 

includes an oxide film containing silicon as an insulating film 202, and the oxide film also 
serves as a base film. The peel-off layer may have a single layer structure or a laminated 
structure. In the case of a laminated structure, an insulating film 203 containing nitrogen, 
such as a silicon nitride (SiN) film or a silicon oxynitride (SiON or SiNO) film, may be 

20 provided so as to prevent impurities or dusts from entering from the metal layer or the 
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substrate. The insulating film containing nitrogen also serves as a base film. 

As an oxide film containing silicon, a silicon oxide film, a silicon oxynitride film, 
or the like may be formed by sputtering or CVD. The oxide film containing silicon is 
preferably formed to be at least about twice as thick as the metal layer. In this embodiment 
5 mode, a silicon oxide film is formed by sputtering using a silicon target to a thickness of 
150 nm to 200 nm. 

In forming the oxide film containing silicon, an oxide containing the metal 
(hereinafter, referred to as a metal oxide) is formed on the surface of the metal layer 201. 
The metal oxide may be formed to a thickness of 0.1 nm to 1 (xm, preferably, 0.1 nm to 100 

10 nm, further preferably, 0.1 nm to 5 nm. Thus, the metal oxide is so thin that it would not be 
observed as a film- accordingly, it is not shown in the figure. As the metal oxide, a thin 
metal oxide can be also used, which is formed on the surface of the metal layer by treating 
the metal layer with a solution containing sulfuric acid, hydrochloric acid, or nitric acid; a 
mixed solution in which hydrogen peroxide solution is mixed with sulfuric acid, 

15 hydrochloric acid, or nitric acid; or ozone water. As another method, oxidation may be 
carried out by plasma treatment in an oxygen atmosphere or by producing ozone by 
ultraviolet irradiation in the atmosphere containing oxygen. Alternatively, the metal oxide 
can be formed by heating in a clean oven at a temperature of approximately 200°C to 
350°C 

20 Next, a semiconductor film, an insulating film serving as a gate insulating film 
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(hereinafter referred to as a gate insulating film) 205, a conductive film serving as a gate 
electrode (hereinafter referred to as a gate electrode) 206 over an insulating film 203 
containing nitrogen; impurity regions 207n and 207p are formed in a semiconductor film 
using a gate electrode as a mask; an insulating film 208 is formed to cover the gate 
5 electrode and the semiconductor film; wirings 210 are formed to connect to the impurity 
regions; thus, an n-channel thin film transistor 230n and a p-channel thin film transistor 
230p are completed. Further, a thin film integrated circuit can be formed from such thin 
film transistors. The hydrogen concentration can be set lxlO 19 atoms/cm 3 to 5xl0 20 
atoms/cm 3 due to the hydrogen diffusion from the insulating film 208. 

10 The semiconductor film may have an amorphous semiconductor, a 

semiamorphous semiconductor in which an amorphous state and a crystalline state are 
mixed (also referred to as a SAS), a microcrystalline semiconductor in which crystal grains 
of 0.5 nm to 20 nm can be seen in an amorphous semiconductor, or a crystalline 
semiconductor. Note that the microcrystalline state in which crystal grains of 0.5 nm to 20 

15 nm can be seen is referred to as a micro crystal (|j,c). 

In this embodiment, an amorphous semiconductor film is formed and is 
crystallized by heat-treatment to form a crystalline semiconductor film. For the 
heat-treatment, a heating furnace, laser irradiation or irradiation with light emitted from a 
lamp (hereinafter, referred to as lamp annealing) instead of laser light or a combination 

20 thereof can be used. 
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In the case of laser irradiation, a continuous wave laser (CW laser) and a pulsed 
laser can be used. One or a plurality of lasers of an Ar laser, a Kr laser, an excimer laser, a 
YAG laser, a Y 2 0 3 laser, a YV0 4 laser, a YLF laser, a YAIO3 laser, a glass laser, a ruby 
laser, an alexandrite laser, a H: sapphire laser, a copper vapor laser and a gold vapor laser 
5 can be used. It is preferable that the beam shape of a laser is linear and the length of a 
longitudinal axis is 200 (mm to 350 jxm. Further, the laser beam may have an angle of 
incidence of 6 (0° < 6 < 90° ) on a semiconductor film. 

The laser irradiation may be conducted by using laser light of a fundamental wave 
of a continuous wave laser and laser light of a harmonic of a continuous wave laser, or laser 
10 light of a fundamental wave of a continuous wave laser and laser light of a harmonic of a 
pulsed laser. 

In the case of using the pulsed laser being adopted, pulsed laser may be applied 
with such an oscillation frequency that a semiconductor film is melted by a laser of a pulse 
and a laser of next pulse is irradiated before solidifying the semiconductor film. This gives 
15 that crystal grains that are sequentially grown in the scan direction can be obtained. In 
other words, the lower limit of the frequency of the pulsed beam may be set, so that the 
oscillation cycle of the pulsed beam is shorter than the time between melting and 
solidification of the semiconductor film. 

The oscillation frequency of a pulsed beam which is actually used is 10 MHz or 
20 more which is much higher than a normally used pulsed beam having an oscillation 
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frequency of a few tens to a few hundreds of Hz. 

Laser irradiation may be conducted in an atmosphere of an inert gas such as a rare 
gas or nitrogen. As a result, surface roughness of a semiconductor due to laser light 
irradiation can be suppressed, and further, variations of a threshold value due to the 
5 variations of the interface state density can be suppressed. 

In the case of using a heating furnace for the heat treatment, the amorphous 
semiconductor film is heat-treated for 2 to 20 hours at a temperature of 500°C to 550°C. 
At this time, it is preferable that the temperature is set in multiple-step within the range of 
500°C to 550°C in such a way that the heating temperature gradually becomes higher. 

10 Since hydrogen and the like come out of the amorphous semiconductor film by the initial 
heat treatment at low temperature, dehydrogenation, which can reduce film unevenness in 
crystallization, can be carried out. Further, it is preferable that a metal element for 
promoting crystallization, for example, Ni, is formed over the amorphous semiconductor 
film, thereby reducing the heating temperature. 

15 However, there is a concern that a metal element adversely affects electric 

characteristics of a semiconductor element in the case of forming the metal element; thus, 
it is necessary to conduct a gettering for reducing or removing the metal element. For 
example, the gettering of the metal element may be conducted to capture the metal element 
by using the amorphous semiconductor film as a gettering sink. 

20 Alternatively, a crystalline semiconductor film may be formed directly on the 
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surface to be provided therewith. In that case, the crystalline semiconductor film can be 
formed directly on the surface to be provided therewith by utilizing heat or plasma with the 
use of fluorine-based gas such as GeF 4 or F 2 and silane-based gas such as SiHU or Si 2 H 6 . 

Such a semiconductor film can be formed to contain hydrogen of 1 x 10 19 
5 atoms/cm 3 to 5 x 10 20 atoms/cm 3 unlike a chip formed from a silicon wafer as described 
above. The hydrogen will have an effect of alleviating a defect, namely, terminating a 
dangling bond. In addition, the flexibility of the IDF chip can be improved with hydrogen. 

Further, the ratio of the area in an IDF chip, occupied by a patterned 
semiconductor film is set 5 to % to 30 %. Accordingly, the breakage or the peeling of the 
10 thin film transistors due to the bending stress can be prevented. 

Here, an interlayer insulating film 209 may be formed to improve the planarity. 
The interlayer insulating film can use an organic material or an inorganic material. As the 
organic material, polyimide, acryl, polyamide, polyimide amide, benzocyclobutene or 
resist, siloxane, or polysilazane can be used. Siloxane is formed by using a polymeric 
15 material as a starting material, which has a skeleton structure formed by the bond of silicon 
(Si) and oxygen (O), and which includes at least hydrogen as a substituent, or at least one 
of fluoride, alkyl group, and aromatic hydrocarbon as the substituent. Polysilazane is 
formed by using a liquid material including a polymeric material having a bond of silicon 
(Si) and nitrogen (N) as a start material. As the inorganic material, silicon oxide or silicon 
20 nitride can be used. 
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More preferably, an insulating film 211 containing nitrogen is formed so as to 
cover the interlayer insulating film and the wirings. Accordingly, the thin film transistors 
230 are covered with the insulating films 203 and 211 containing nitrogen. Further, a resin 
or the like may be used to cover thereover. As a result, impurities can be prevented from 
5 entering. In particular, when the IDF chip is mounted on a business card or the like in the 
state where the IDF chip can be touched by hands, an alkali metal such as Na can be 
prevented from entering. 

Thereafter, a conductor bump 106 is formed as a connection terminal over the 
interlayer insulating film. The conductor bump can be formed using the same method or 
10 material as the antenna. 

During or after forming the thin film transistor as described above and after 
forming the metal oxide, heat treatment is conducted to heat the metal oxide. 
Consequently, the metal oxide film becomes crystalline. For example, in the case of using 
tungsten (W) as the metal layer, a metal oxide of WO2 or WO3 is crystallized by heat 
15 treatment of 380°C to 410°C, for example, 400°C. Whether heat treatment is required or 
not, or the heating temperature may be determined depending on a selected metal layer. 
Consequently, the metal oxide can be crystallized as necessary and peel-off can be carried 
out easily. 

Further, the heat treatment in manufacturing a semiconductor element can double 
20 as the heat treatment for crystallizing the metal oxide. For example, the metal oxide can be 
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crystallized by the heat treatment for a dehydrogenation process for preventing rapid 
hydrogen release from the semiconductor film. In the case of forming a crystalline 
semiconductor film, it can be heat-treated by means of a heating furnace or laser irradiation. 
Consequently, the number of manufacturing steps can be reduced. 
5 Next, the substrate 200 is peeled off. With the use of the support substrate, the 

substrate can be peeled off easily. Further, it is preferable to form a part where the 
adhesion is reduced, which may cause peeling off of the substrate easily. For example, a 
substrate or a support substrate is undercut or the area to be peeled off is marked with a 
knife from an end surface of a large substrate. Subsequently, the peel-off occurs in the 

10 layer of the crystallized metal oxide, or at a boundary (interface) between both surfaces of 
the metal oxide, that is, at a boundary between the metal oxide and the metal layer or a 
boundary between the metal oxide and the insulating film 202. 

Physical means or chemical means may be used for the peel-off means. As the 
physical means, stress may be applied against the substrate and the support substrate. As 

15 the chemical means, a base substance or a liquid which reacts with a metal layer but does 
not react with the other area may be used. 

As shown in FIG. 8B, the peel-off layer is transferred to a flexible substrate 250 
and attached with an adhesive 251. Note that to transfer means to move an element 
(including an element which is formed halfway) formed over a substrate to another 

20 aubstrate. The material of the flexible substrate as described above. 



WO 2005/071607 PCT/JP2005/001040 



32 

The peel-off layer may be directly transferred to an article to be equipped with an 
IDF chip. In this case, the flexible substrate can be omitted, which contributes to making 
the IDF chip thinner and lighten 

As the adhesive, a UV curable resin, specifically, an epoxy resin adhesive or an 
5 adhesive of a resin additive, or a double-sided tape may be used. 

The glass substrate and the like which occupies the most of the thickness of such a 
chip is peeled off and the IDF chip which can be transferred to a thin film flexible substrate 
is used; thus, a business card can be made thinner. 

As the substrate is peeled off, there may be the cases where the metal oxide on the 
10 thin film transistor side is completely removed, or, where a part or the most part thereof is 
dotted (remains). When the metal oxide remains, it can be removed by etching or the like. 
On this occasion, the oxide film containing silicon may also be removed. The 
improvement in adhesion can be expected if the substrate is transferred to the flexible 
substrate after removing the remains and/or the oxide film. 
15 After the transfer is finished, the support substrate is peeled off. An adhesive such 

as a peelable adhesive, for example, a UV peelable adhesive which is removed by UV 
irradiation, a heat peelable adhesive which is removed by heat, or a water soluble adhesive 
which is removed by water, or a double sided tape may be used for the adhesive for the 
substrate to be peeled off. 
20 Thereafter, the large flexible substrate is cut; thus, each IDF chip 100 is cut out. 
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Subsequently, as shown in FIG 8C, the IDF chip 100 is mounted on an antenna 
substrate 102 provided with an antenna 101. 

As shown in the cross-sectional view, the antenna 101 provided over the antenna 
substrate, and the conductor bump 106 are connected using the conductor 107 of the 
5 anisotropic conductor 123. 

As described above, the IDF chip is formed and mounted on the predetermined 

area. 

In this embodiment mode, a peel-off method using a metal layer and the like is 
described; however, another peel-off method may be employed to peel off the substrate 

10 200. For example, a layer to be separated is irradiated with laser to peel off the substrate 
200, or the substrate 200 may be removed by etching. Further, the layer to be separated is 
undercut; thus, the layer to be separated can be peeled off by an etchant, for example, a 
fluorine-based etchant, or a chlorine-based etchant such as C1F 3 . 

Alternatively, each IDF chip may be formed without peel-off and transfer. In this 

15 case, heat treatment of the thin film transistor and the heat resistance temperature of the 
substrate 200 need to be considered. For example, in the case of using SAS which can be 
formed without carrying out heat treatment for the semiconductor film, a flexible substrate 
which is not highly resistant to heat can be used. A flexible substrate is thin so that it is 
preferable of an IDF chip. Further, in the case of using a crystalline semiconductor film for 

20 a semiconductor film which is crystallized by heating, a glass substrate which is resistant 
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to the heat treatment is required to be used. Since a glass substrate is thick as compared 
with a flexible substrate; thus, the back surface of the glass substrate may be polished and 
grinded by chemically and mechanically polishing treatment (typified by CMP: chemical 
mechanical polishing) in the case of making the glass substrate chip thin. In the case of 
directly forming a crystalline semiconductor film, a quartz substrate which is resistant to 
high temperature can be used. The quartz substrate can be similarly made thin by being 
polished by CMP or the like. 

In this embodiment mode, the case where a thin film integrated circuit is mounted 
in a so-called face-down state where a connection terminal is in the lower portion of the 
IDF chip is described. However, a thin film integrated circuit may be mounted in a face-up 
state where a connection terminal is in the upper portion of the IDF chip. In the ease of 
face-up state, wire bonding may be employed for making a contact between a conductive 
film of the connection terminal portion of the integrated circuit and an antenna and the like. 

A mode where a thin film transistor is formed on the substrate 200, the substrate 
200 is peeled off and the thin film transistor is transferred is described above. The object 
where the substrate with the thin film transistor is transferred, which corresponds to the 
flexible substrate here, and the timing and the number of transfers are not limited to the 
above mode. For example, as to the timing of transfer, after a metal oxide is formed, the 
transfer is performed to the flexible substrate immediately after heating, and a thin film 
transistor may be completed thereafter. In particular, in the case of using a SAS for the 
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semiconductor film, the semiconductor film can be formed at low heating temperature or 
formed without heat treatment. Accordingly, a thin film transistor can be formed after the 
transfer to the flexible substrate. Alternatively, the transfer may be performed to a printed 
substrate or the like other than a surface of an article. For example, in the case of 
5 equipping a cellular phone or the like with an IDF chip, the transfer would be performed to 
a printed substrate. Further, whether the IDF chip is face-up or face-down can be 
determined depending on the number of peels and transfers. 

Since the thus formed IDF chip includes a semiconductor film with a thickness of 
0.2 [xm or less as an active region, unlike a chip formed from a silicon wafer; good effect of 

10 the invention can be utilized even in the case of forming an IDF chip over a glass substrate 
or a quartz substrate. In order to enhance good effect of an IDF chip, the IDF chip may 
preferably be formed over a flexible substrate, or transferred as described above. 

The IDF chip is provided over a substrate having an insulating surface, or the IDF 
chip does not include such a substrate itself having an insulating film. Therefore, a signal 

15 can be received with high sensitivity without concern for wave absorption, compared with 
a chip formed from a silicon wafer. 

For the substrate having an insulating surface, a substrate made of glass such as 
barium borosilicate glass or alumino borosilicate glass, a quartz substrate, a stainless 
substrate or the like can be used. In addition, a substrate made of flexible synthetic resin 

20 such as plastic typified by polyethylene terephthalate (PET), polyethylene naphthalate 
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(PEN), polyetersulfone (PES), or acrylic can be used alternatively. 

In the case of forming an IDF chip over such a substrate having an insulating 
substrate, the shape of a mother substrate is not limited as compared with a chip formed 
from a silicon wafer, where chips are cut out of a circular silicon wafer. Therefore, the 
5 productivity of the IDF chip is improved and mass production can be carried out. 
Consequently, cost reduction of IDF chip can be expected. Although the unit price of an 
IDF chip is very low, significant profit can be produced by reducing the unit cost. 

Preferably, an IDF chip according to the invention is formed over a flexible 
substrate. Accordingly, the IDF chip is more flexible than a chip formed from a silicon 

10 wafer. Further, the IDF chip can be formed to be lighter. A substrate made of flexible 
synthetic resin such as plastic typified by polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), polyetersulfone (PES), or acrylic can be used as the flexible substrate. 

Such an IDF which is very thin, light, and flexible is hardly damaged as compared 
with a chip formed from a silicon wafer. 

15 More preferably, an IDF chip of the invention is mounted on a film-like article in 

a state where a substrate having an insulating surface and a flexible substrate are removed. 
In other words, the IDF chip may be directly transferred to the film-like article. In this case, 
the flexible substrate can be omitted, which contributes to make an IDF chip thinner and 
lighter. Consequently, the design of the film-like article is not spoiled, which is preferable. 

20 In this embodiment mode, the case of separately forming an IDF chip and an 
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antenna is described; however, peel-off and transfer can also be performed in the case 
where an IDF chip and an antenna are formed integrally. For example, an antenna is 
formed in a layer where the wirings 210 are formed, and peel-off and transfer may be 
performed in that condition. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact IDF chip or a hybrid IDF chip may be implemented instead. 



Embodiment Mode 8 

In this embodiment mode, the structure and the formation method of an antenna 
10 will be described. 

First, the shape and the length of the antenna are described. The number of turns, 
that is, the length of the antenna, which limits the shape of the antenna, depends on the 
transmission distance or the wave frequency. Accordingly, the antenna is shaped like a line 
or a coil. An antenna is coiled in order to secure length. The coiled antenna provided on a 
15 surface of an antenna substrate or an article is provided to have a circular or square coil 
made outward from the center. 

Connection terminals are provided at two portions of the antenna. Most of the 
connection terminals are provided at each end of the antenna. However, the connection 
terminals may be provided anywhere and the disposition of each connection terminals can 
20 be determined in accordance with the connection terminals of the IDF chip. Further, the 
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connection terminals may be provided adjacent to each other or provided separately. 

Next, a method for forming an antenna will be described referring to FIGS. 9Ato 
9C. FIGS. 9Ato 9C each show the case where a squarely coiled antenna is formed over an 
antenna substrate. A substrate made of glass such as barium borosilicate glass or alumino 
5 borosilicate glass, a quartz substrate, a substrate made of flexible synthetic resin such as 
plastic typified by polyethylene terephthalate (PET), polyethylene naphthalate (PEN), 
polyetersulfone (PES), or acrylic can be used for the antenna substrate. Since it is 
preferable that the thickness of the antenna substrate is thin, a film-like substrate is 
preferable. 

10 As shown in FIG. 9A, an antenna is formed by a droplet discharge method on one 

surface 102a of an antenna substrate 102. The droplet discharge method is a method in 
which a droplet (also referred to as a dot) of a composition containing a material of such as 
a conductive film or an insulating film is selectively discharged (sprayed). For example, 
the droplet discharge method is also called as ink-jet. Other than the droplet discharge 

15 method, sputtering, printing, plating, photolithography, or vapor deposition using a metal 
mask; or a combination thereof may be used to form the antenna. For example, a first 
antenna is formed by sputtering, a droplet discharge method, printing, photolithography, or 
vapor deposition; and a second antenna is formed by plating so as to cover the first antenna, 
thereby forming a laminated antenna. In particular, in the case of forming the antenna by a 

20 droplet discharge method or printing, the conductive film need not be patterned; thus, the 
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number of the manufacturing steps can be reduced. 

A conductive material such as Ag (silver), Al (aluminum), Au (gold), Cu (copper) 
or Pt (platinum) can be used as a material of the antenna. In the case of using relatively 
highly resistant Al or Au, wiring resistance is of concern. However, if the antenna is made 
5 thick or area to be provided with the antenna is large, the width of the antenna may be made 
large thereby reducing the wiring resistance. Alternatively, in the case of using a 
conductive material having a risk of dispersion, such as Cu, an insulating film serving as a 
protective film may be formed to cover a surface to be provided with the antenna or to 
cover the periphery of Cu. 
< 10 In this embodiment mode, the antenna is formed by discharging Ag mixed in a 

solvent of tetradecane from a nozzle 260. On this occasion,, a base film of titanium oxide 
(HOx) is formed to improve the adhesion of Ag. 

More preferably, pressure is applied to the formed antenna to improve the 
planarity. As a result, the antenna can be made thinner. A heating means may be provided 
15 as well as a pressure means, and in that case, pressure treatment and heat treatment can be 
performed at a time. In particular, in the case of using a droplet discharge method, and 
when heat treatment is necessary for removing the solvent, the heat treatment can double. 

Further, a groove may be formed in the antenna substrate and the antenna may be 
formed in the groove. Since the antenna can be formed inside the groove, the antenna 
20 substrate and the antenna can be made thinner. 
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Subsequently, as shown in FIG 9B, the rest part of the antenna is formed by 
droplet discharge method on the other surface 102b of the antenna substrate. The antenna 
is provided on the other surface since an insulator is required to prevent short circuit 
between antennas since the antenna is formed to be coiled. Therefore, the part of the 
5 antenna can be formed through an opening provided in the insulator. 

In this embodiment mode, an opening 262 is formed in the antenna substrate, and 
the antennas are connected each other through the opening. Further, an opening is formed 
over the antenna substrate for connecting the antenna formed over the other surface and the 
IDF chip. 

10 As shown in FIG 9C, the connection terminal of the antenna and the connection 

terminal of the IDF chip are connected in order to connect the antenna 101 and the EDF 
chip 100. 

The detailed description will be given referring to a cross-sectional view taken 
along line i-j of the antenna substrate 102 in the right figure. In the area where the 
15 connection terminal of the antenna formed on the other surface is provided, an opening 262 
is provided in the antenna substrate. The IDF chip 100 is mounted so as to cover the 
opening and the connection terminal of the antenna provided on the one surface. 

Here, the connection terminal of the IDF chip, that is, the conductor bump 106 
and the connection terminal of the antennas 101a and 101b are connected using an 
20 anisotropic conductor 123. The anisotropic conductor is a resin in which a conductor 107 
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is dispersed, which has a bonding function. In the area where the connection terminal is 
provided, the conductor is crimped due to the thickness of the connection terminal; thus, 
the conductor makes contact. Other than the area, the conductor is not conductive since 
sufficient distance is kept. 
5 The opening 262 is filled with the conductor which is conductive. Alternatively, 

the opening may be filled with an antenna material. In this case, the opening can be filled 
with the antenna material in forming the antenna on the other surface. 

Although not shown, an insulating film containing resin or nitrogen may be used 
to cover the IDF chip for protection. Further, the insulating film can also prevent 
10 impurities from entering a thin film transistor in the IDF chip. 

In this embodiment mode^ the case where the IDF chip is mounted using an 
anisotropic conductor in a so-called face-down state where the connection terminal is in 
the lower portion of the IDF chip is described. Alternatively, wire bonding may be used as 
the connecting means. Wire bonding is preferable in the case of a so-called face-up state 
15 where the connection terminal of the IDF chip is in the upper portion of the IDF chip. 

In the figures for describing this embodiment mode, the IDF chip and the antenna 
substrate are illustrated thick for the sake of clarity; however, they actually have extremely 
thin shape. 



20 Embodiment Mode 9 
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An IDF chip has a measure of area and is highly flexible as compared with a chip 
formed from a silicon wafer; therefore, the damage due to bending stress needs to be 
considered. Correspondingly, in this embodiment mode, the state where a business card 
equipped with an IDF chip is bent will be described. 

5 FIG 11A shows a business card 120 which is bent in the direction of the arrow 

280. Generally, a thin film material is easily bent or can be bent easily in the longitudinal 
direction; accordingly, the case of bending in the longitudinal direction will be described in 
this embodiment mode. 

An IDF chip 100 in such a state is shown in FIG 11B. The IDF chip has a 

10 plurality of thin film transistors 230 and the thin film transistors are arranged so that a 
direction 281 of carrier flow and the direction of the arrow (bending direction) 280 are 
perpendicular. In other words, a source region 230(s), a channel forming region 230(c), 
and a drain region 230(d) of each thin film transistor are arranged so as to be perpendicular 
to the bending direction 280. As a result, the breakage or the peeling of the thin film 

15 transistors due to the bending stress can be prevented. 

In the case of using a crystalline semiconductor film using laser irradiation as a 
semiconductor film, laser scanning direction 283 is also set so as to be perpendicular to the 
bending direction 280. For example, as shown in FIG. 11C, in the case of moving a laser 
irradiation area (spot) 282 to crystallize the entire surface, the laser scanning direction 283 

20 is set perpendicular to the bending direction 280. 
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By bending the IDF chip in such a direction, the IDF chip, particularly, a thin film 
transistor is not damaged. Further, the grain boundaries in the direction of the carrier flow 
can be reduced to a minimum. Consequently, the electrical characteristics of the thin film 
transistors, particularly, the mobility can be improved. 
5 In addition, by setting the ratio of the area in an IDF chip, occupied by a patterned 

semiconductor film is 5 % to 30 %, the breakage or the peeling of the thin film transistors 
due to the bending stress can be prevented. 

In this embodiment mode, an example of implementing a contactless IDF chip is 
described; however, a contact IDF chip or a hybrid IDF chip may be implemented instead. 

10 

Embodiment Mode 10 

Application mode using a business card equipped with such an IDF chip will be 
described. 

FIG 12A shows information flow through a business card 120 equipped with an 
15 IDF chip 100, a reader/ writer 301, a personal computer 302, and the like. Information in 
the IDF chip, particularly, an E-mail address can be inputted into the personal computer 
through the reader/ writer, and the information can be confirmed on a display area 302a. 
On this occasion, if a mailer software is activated, an E-mail can be sent immediately. 

Further, with a business card management software activated, the information in 
20 the IDF chip can be inputted through the reader/writer. Thus, business card management 
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which has conventionally taken a lot of time can be made more convenient. 

Advertisement information of a company, for example, a home page address may 
be inputted into a personal computer. On this occasion, an internet software is required to 
be activated. 

5 Instead of a personal computer, a telephone 303 may be used. In this case, a 

telephone number recorded in the business card 120 can be inputted to the telephone 303 
through the reader/writer 301, and the telephone number can be confirmed on a display 
area 303a. 

In addition, both the personal computer 302 and the telephone 303 can be 
10 connected to the reader/ writer 301. 

The information in the business card can be read with the use of a portable 
electronic device provided with a function of a reader/ writer, typified by a cellular phone 
304 or a PDA. For example, a coil serving as an antenna 304b of the cellular phone 304 is 
designed to serve also as an antenna of a reader/ writer. A telephone number and an E-mail 
15 address recorded in the business card can be inputted into the cellular phone and the 
information can be confirmed on a display area 304a. 

By reading information recorded in an IDF chip, an input error can be avoided as 
compared with the case where the information in the business card is inputted manually. 
Accordingly, a large number of business cards can be managed conveniently. 
20 FIG. 12B shows a circuit configuration of an IDF chip and a reader/ writer. 
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First, an IDF chip 100 includes an antenna coil 401, a capacitor 402, a 
demodulation circuit 403, a modulation circuit 404, a rectifier circuit 405, a 
microprocessor 406, a memory 407, and a switch 408 for applying a load to the antenna 
coil 401. These circuits and the microprocessor can be formed with a thin film integrated 
5 circuit. The number of the memory 407 is not limited to one but a plurality of memories 
may be used. 

A reader/ writer 410 includes an antenna coil 411, a modulation circuit 412, and 
an oscillating means 413, which contribute to the generation of a transmit signal. The 
reader/ writer 410 further includes a detection demodulation circuit 414 which detects, 

10 amplifies, and modulates a received signal. Since a signal received from the IDF chip is 
extremely weak, the received signal is preferably separated and amplified with the use of a 
filter or the like. Subsequently, the received signal is transmitted to a gate ASIC 
(application-specific integrated circuit) 415. 

The data inputted to the gate ASIC is transmitted to a microprocessor 416 and 

15 processed. As necessary, mutual transmission of a signal is performed between the 
microprocessor 416 and a memory 417, thereby achieving predetermined processing. A 
program, data, and the like which are used in the microprocessor 416 are stored in the 
memory 417. Moreover, the memory can be used as an operation area in processing. 
Thereafter, signal transmission between the microprocessor and a signal interface 419 can 

20 be performed. Further, a power supply 418 for such mutual signal exchange is provided. 
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Such microprocessor 416, memory 417, and signal interface 419 can be provided 
in a personal computer or a telephone itself. 

Further, an electronic device such as a cellular phone which also serves as a 
reader/ writer includes an antenna coil 411, a modulation circuit 412, an oscillating means 
5 413, a detection demodulation circuit 414, a gate ASIC 415, a microprocessor 416, a 
memory 417, a power supply 418, and a signal interface 419. 

Naturally, the circuits above and the like are formed in a personal computer or a 
telephone to provide reader/ writer function. 

A signal transmitted from the gate ASIC 415 as electric waves through the 
10 modulation circuit 412 is converted into an AC electrical signal by electromagnetic 
induction in the antenna coil 401. The AC electrical signal is demodulated in the 
demodulation circuit 403 and transmitted to the microprocessor 406. Further, power 
supply voltage is generated with the use of the AC electrical signal in the rectifier circuit 
405, and supplied to the microprocessor 406. 
15 In the microprocessor 406, a variety of processing is performed in accordance 

with inputted signals. The memory 407 can be used not only for storing a program, data 
and the like used in the microprocessor 406 but also as an operation area in processing. A 
signal transmitted from the microprocessor 406 to the modulation circuit 404 is modulated 
into an AC electrical signal. The switch 408 can apply a load to the antenna coil 401 in 
20 accordance with the AC electrical signal from the modulation circuit 404. The 
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reader/writer receives the load applied to the antenna coil 401 by electric waves, thereby 
consequently reading a signal from the microprocessor 406. 

The circuit configurations of the IDF chip and the reader/ writer shown in FIG. 
12B is only an example, and the present invention is not limited thereto. A method for 
5 transmitting a signal is not limited to the electromagnetic induction method shown in this 
embodiment mode. An electromagnetic coupling method, a microwave method, or other 
transmitting methods may also be adopted. Further, an IDF chip of the present invention 
may have function of such as GPS. 

10 Embodiment Mode 11 

In this embodiment mode, a mode of using a publication, for example a 
newspaper, which is mounted with an IDF chip, will be described. 

An IDF chip including information in a newspaper is mounted on a part of the 
newspaper. The information in the IDF chip is inputted into a portable electronic device, 
15 for example, a cellular phone. On this occasion, the information may be inputted with the 
use of a dedicated reader/writer, or may be imputed using a reader/ writer function of the 
cellular phone as described above. 

Thus, by inputting information to a portable electronic device, the information in 
a newspaper can be read on a display area without spreading a newspaper in a small 
20 vehicle such as a train. For example, information of a novel, a magazine, or the like other 
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than a newspaper can be inputted into a portable electronic device. 

Even in the case of implementing an IDF chip in a publication, the IDF chip has 
advantages that it is thin, lightweight, hardly damaged, and light-transmitting, and the like. 
Thus, the durability of the BDF chip can be improved, and the design of the publication is 
not affected. 

As described above, by implementing an IDF chip in a publication or the like, 
information of the contents can be easily computerized, and higher added value and higher 
function can be acquired. 

Thus, IDF chips can be used in various application modes. 



